Some cereal by-products, such as bran, exhibit a high phytase activity that may enhance phytate P digestibility. This was studied in growing pigs fed a phytase-rich (1,200 IUAcg) diet containing 20% rye bran. The trial involved 12 animals; six were fed a control diet and six were fed a diet containing rye bran for 2 mo. Both diets contained the same levels of energy, protein, Ca (.7%) and total P (.4%). No inorganic P was added; thus, the dietary P was mainly phytic. Pigs fed the control diet, in contrast to those fed the diet containing rye bran, developed a P deficiency, as indicated by hypophosphatemia, hypophosphaturia, hyperhydroxyprola, hypercalcemia, and hypercalciuria. Phosphorus from the rye bran diet was more completely absorbed (55 vs 36%) and retained (50 vs 36%) than that from the control diet. Calcium absorption was equal for the two diets, but Ca retention was higher in pigs fed rye bran than in controls. Pigs fed the rye bran diet showed greater bone density, ash content, and bending moments than controls. In conclusion, high dietary phytase levels or phytase-rich by-products increased phytate P availability and consequently improved bone scores.
creased as a function of wheat bran incorporation, and dietary phytase activity was not measured. Thus, the increasing dietary P content could have been responsible for the increase in absorbed P. Therefore, P digestibility was studied in growing pigs fed two isophosphorus, phytate-rich diets with or without 20% rye bran. According to our measurements, rye bran showed a greater phytase activity (near 8 IU/g) than wheat bran (1 to 4 lU/g); thus, rye bran was chosen as a means to supply phytase. The dietary P level was low (.4%), was provided only by plant ingredients, and was predominantly (two-thirds) in the form of phytate.
The objective of this experiment was to evaluate the effect of dietary rye bran incorporation on mineral, especially P, utilization in pigs receiving isophosphorus, phytate-rich diets.
Experimental Procedure
Twelve 7-wk-old male Large-White pigs (INRA, St-Gilles, France) weighing 11.8 f .5 kg were divided into two groups of six animals and fed either a control diet or a diet containing 20% rye bran (Table 1) for 2 mo (53 d). The two groups, being similar in litter and weight, were assigned randomly to the dietary treatments with one pig per pen (1.2 x 2.5 m, concrete floor). A grower house with side windows and 12 pens was used, temperature was kept constant at 18°C. Animals were pair-fed, the average feed intake for the entire experiment was 1.27 f .M kgid. The pigs were killed at the end of the feeding period. Both diets were formulated by altering corn, soybean meal, and rapeseed meal to provide similar levels of energy (digestible energy, 3,300 kcal/kg diet), protein (19% CP, .9% lysine), fat (5%), fiber (calculated cellulose, 3.4%), and vitamin D (cholecalciferol, 1,OOO IUkg diet). The fine rye bran used contained 5.7% cellulose, 15% CP (.6% lysine), 2,550 kcal digestible energyikg and 4% fat. Dietary Ca, total P, and phytic P contents were nearly equal, no inorganic P was added to either diet. Thus, both diets were considered marginally deficient in P and Ca compared with the French dietary allowances for growing pigs (. 6% P and .95% Ca, respectively; Gubguen and Perez, 1981) . These low Ca contents were chosen to minimize interference between Ca and phytate P absorption, which has been described in many species, including pigs (Taylor, 1965; Taylor and Coleman, 1979; Pointillart et al., 1985) . Phytase activity determined at pH 5.2 (Bitar and Reinhold, 1972) was 1,200 I U k g (1 IU is 1 p o l phosphorus liberated from sodium phytatelmin at 3TC) in the rye bran diet and was nondetectable in the control diet.
The following criteria related to P and Ca metabolism and regulation were examined mineral balance; ash content and breaking strength of bones; plasma concentrations of Ca, inorganic P, alkaline phosphatase, and vitamin D metabolites; and urinary hydroxyproline excretion.
To evaluate Ca and P apparent absorption and retention, a 1 O d balance trial was performed (at the end of the experiment) with the 12 animals maintained in appropriate cages and fed the same amount of feed (1.7 kg/d). Feces and urine were collected daily; each was pooled across days for Ca and P determination.
Blood samples were collected at the beginnhg of the experiment, 1 mo later, and at slaughter for plasma Ca and inorganic P determination. At slaughter, plasma levels of alkaline phosphatase, 25-hydroxycholecalciferol(250HDs) and 1 ,25-dihydroxycholeca11-ciferol [1,25(0H)~D3] also were determined. At slaughter, the tibia was excised from the left hind leg. Ash contents were measured on the whole tibia, the midshaft, and the proximal and distal epiphyses. Thus, epiphyses were taken to represent spongy and diaphyses were taken to represent cortical samples. The same tibia was used previously to measure bone bending moment and density, and ash relative to bone volume was calculated. All the measurements including dietary phytate contents have been described in detail previously b,cMeans in a row with diffexent superscripts differ (P < .05).
dsody weight gain/iogested feed, average feed intake during the last month: 1.42 f .01 kgld for both groups. (Pointillart et al., 1987) . Bone resorption also was estimated by determining hydroxyproline excretion on urine samples collected during the balance period (Szymanowicz et al., 1979) . Data were analyzed by using the General Linear Models Procedure of SAS (1985) . A rtest was used to compare means. A covariance analysis with P intake as the covariate was used for the P balance data. Pig was the experimental unit and two treatments (i.e., diets) were compared.
Results

Growth.
Pig slaughter weights, average daily gains, and feed efficiencies did not differ (P > .lo) for the entire experimental period vable 2). However, the feed efficiency and ADG were greater (P e .05) in the rye bran group than in the control group during the last month on trial.
Plasma Concentrations. Plasma P decreased (P < .05) in pigs fed the. control diet. This decrease was apparent (P c .05) after only 1 mo. Plasma Ca increased in pigs fed the control diet; this increase was detected (P < .05) only at slaughter (Table 3) .
At slaughter, plasma alkaline phosphatase activity was higher (P c .Ol) in pigs fed the control diet than in those fed the diet containing rye bran (Table 4) . No difference was observed for 250HD3, whereas 1,25(0H)2D3 tended to be higher (P < .lo) in the plasma of pigs fed the control diet than in plasma of those fed the rye bran diet (Table 4) .
A significant relationship (r = 59, P < .Ol) between plasma P (X, mg/lOO ml) and 1,25(0H),D3 (Y, pg/ml) levels was found for both groups at slaughter: Y = 371.2 -23.0 x Phosphorus and Calcium Balances. Apparent absorbed and retained P, in terms of daily (11 a. ~*CMWS in a row with merent superscript differ (P < .01). c*fMeans in a row with different superscript differ (P < .lo).
amounts or percentage of intake, were greater (P < .01) in pigs fed the diets containing rye bran than in those fed the control diet ( Table   5 ). Daily urinary P excretion in pigs fed the rye bran diet was 16.5 times that of those fed the control diet (P c .05). There was no diet effect on apparent Ca absorption, but daily urinaty Ca excretion was lower (P < .05) in animals fed rye bran. In addition, retained Ca tended to be higher (P < .lo) in this group.
Bone Criteria. In the rye-bran group, weights and ash contents of the tibias generally were higher than in the control group (Table  6) . This difference was significant for ash in terms of percentage of DM in epiphyses (P < .001) and whole bone (P < .Ol), in terms of total ash content (g) in the whole bone (P c .Ol), and, for ash relative to volume (P < .Ol), also in the whole bone. In the rye bran group, bending moment and density of the tibias were greater (P < .001) than in the control group Vable 6). Urinary hydroxyproline excretion, in terms of either absolute daily amounts or relative to body weight, was greater in pigs fed the control diet than in those fed rye bran diets: .23 f .02 vs .12 f .02 g per day and 5.6 f .5 vs 2.8 f .4 mg per day per kg body weight, respectively (P < .01 for both comparisons).
Discussion
Pigs fed rye bran diets exhibited better P utilization and bone scores and better growth performance during the last month on trial than control-fed pigs. These effects can be attributed to the higher dietary phytase activity of the rye bran diet. Our results agree with the better P digestibility observed in pigs fed diets containing phytase-rich cereals such as wheat, triticale, or barley (Calvert et al., 1978; Pointillart et al., 1984 Pointillart et al., , 1987 or diets containing bran (newton et al., 1983; BaghCri and GuCguen, 1985), compared with corn-based diets. This is in agreement also with the general conclusions of Cromwell (1980) and Nelson (1980) about the biological availability of plant P for pigs and poultry and its relation Apparent absorption,
bCovariance analyses of the different items with P intake as a covariate were not significant (P > .7); thus, the t-test c*dMeans in a row within a mineral with different superscripts differ (P < .01). e*fMeans in a row within a mineral with Werent superscripts differ (P < .05). gbMeans in a row within a mineral with different superscripts differ (P < .IO).
procedure was preferred. c*dMeans in a row with diffaent superscripts differ (P < .IO). e * f~~ in a row with dierent superscripts differ (P < .oI).
8bMeau.s in a row with different superscripts differ (P c .001).
to grain phytase activity. However, the rye bran (thus phytase) effect might not be completely dissociated from the absence of rapeseed meal in the rye bran diet, compared with the control diet. Negative effects of rapeseed meal on bone mineralization have been described in rats (Momcilovic and Shah, 1976 ). Both Ca and P utilization decreased with time, between 3 and 6 wk, in pigs fed phytate-rich diets containing rapeseed (Pointillart et al., 1985) . This is unlikely in the present experiment because the value for P digestibility of the diet containing rapeseed (control) was equal to that observed in pigs fed the same diet over 3 wk (Fourdin et al., 1988) . Moreover, this value also is similar to those reported in pigs fed phytate-rich diets containing 15 to 20% rapeseed meal (30 to 41%; Fourdin et al., 1988; Pointillart et al., 1989) .
Furthermore, Ca absorption was similar for both control and rye bran diets. Thus, presumably rapeseed meal had no detrimental effect on mineral absorption. The effect of rye bran on P absorption might be related to the better utilization of P from rye bran and(or) to its phytase content. In the experiment of Newton et al. (1983) , P digestibilities were 40, 49, and 52% of intake, respectively, corresponding to 3, .69, and .83% dietary P levels and to 0, 10, and 20% wheat bran contents, respectively. Baghkri and Gubguen (1985) have reported P digestibility vdues at 28 and 40% corresponding to .38 and 3% dietary P levels and to 0 and 20% wheat bran incorporation. The ratio between dietary P levels and P digestibilities was almost constant at 1.4 in their experiments. Thus, the better P digestibility observed by these authors seemed to be closely and linearly related to increments in dietary P levels (i.e., to the additional P provided by the wheat bran addition). In our experiment, if we presume that maximal P digestibility might be achieved from rye bran P @e., 70%), the calculated daily amount of absorbed P from the bran would be 2.3 g (1.7 kg feed x 20% rye bran x .96% P in rye bran x 70% P digestibility). Thus, 1.8 g (4.1 g, the total absorbed P -2.3 g) would be the amount of P daily absorbed from the other ingredients (soybean meal and corn), which daily provided 4.2 g P to the pigs (7.5 g total P intake -3.3 g rye bran P). Therefore, in this calculation, the estimated digestibility of corn + soybean meal P would be 43% (i.e., greater than that given by the balance study in pigs fed the control diet). This probably is an overestimate of the digestibility of rye bran P, and an underestimate of P availability from the other ingredients. Moreover, although no value for P digestibility in rye bran is available, that of wheat bran is much lower (38 to 41%. Gubguen et al., 1968; Nelson, 1980) than the value of 70% for rye bran used above in our calculations. Thus, the digestibility of the other dietary ingredients probably is higher than 43%. Therefore, the rye bran effect cannot be attributed solely to its P content or to its high P digestibility. It also is unlikely that the slightly higher intakes of P (Table 5) by pigs fed the rye bran diet can explain the higher P utilization.
In fact, in spite of pair-feeding, animals fed rye bran ingested .3 g P more per day than control-fed ones because of the slightly elevated P content of the former diet (Table 1) . Nevertheless, the pigs fed rye bran absorbed 1.5 g more P per day than control-fed ones (five times as much as the difference in intake). Thus, we conclude that the better P utilization must involve the higher phytase activity, as demonstrated by using diets containing phytase-rich cereals (wheat or triticale) in pigs (Pointillart et al., 1984 (Pointillart et al., , 1987 or by incorporating phytase-producing microorganisms into the diets of rats (Moore and Veum, 1983) and chicks (Nelson et al., 1971) .
A l l signs of P deficiency (i.e.. hypophosphatemia, hypercalcemia, hypophosphaturia, hypercalciuria, and elevated plasma alkaline phosphatase) reported in pigs fed phytin P-rich diets (Pointillart et al., 1984 (Pointillart et al., , 1985 (Pointillart et al., , 1987 Fontaine et al., 1985) were obvious in pigs fed the control diet. In these pigs, urinary P excretion, .3% of intake, was practically negligible, and the urinary Ca, 5% of intake, was abnormally high compared with values observed in normally fed pigs (urinary P 2 10 and Ca I 1% intake) (Pointillart et al., 1986; Pointillart, 1987) . In contrast to the control group, in pigs fed the rye bran diet hypophosphatemia and hypercalcemia did not appear; calciuria, 1.5% of intake, was almost normal, and phosphaturia, 5% of intake, approached normal values. However, according to NRC (1988) or INRA (Guiguen and Pbrez, 1981) , the .44% dietary P content of the rye bran diet was below the recommended P level for growing pigs. Thus, providing high phytase activity (and[or] highly available P) stimulated the absorption of the whole dietary P and thereby prevented, or at least reduced, the P deficiency generally associated with high phytate feeding. In the control group, P depletion (as reflected by hypophosphatemia) led to almost total retention of absorbed P (>99% absorbed P retained) but to insufficient bone P deposition for normal Ca retention (90% absorbed Ca retained compared to 298% normally; Pointillart et al. 1986; Pointillart, 1987) . As a consequence, bones were fragile, and the excess absorbed Ca was eliminated through the urine. This pattern has been described in pigs fed diets rich in phytic P (Pointillart et al., 1987) .
Bone metabolism disorders, as indicated by high urinary hydroxyproline excretion and decreased bone scores (ash content, density and breaking strength), as found in the control group, result from both decreased bone formation and increased bone resorption associated with P depletion (Lee et al., 1981) . Mineral deposition was decreased, as suggested by the decreased ash content of the spongious bone DM, and resorption was stimulated, resulting in osteoporosis, as demonstrated by the decreased ash content relative to bone volume. High plasma alkaline phosphatase levels coexisting with decreased bone scores are characteristics of low P intakes in pigs (Koch and Mahan, 1985) .
The higher levels of plasma 1,25(0H)& found in the control group, which also was hypophosphatemic, and the close relationship between inorganic P and 1,25(OH)zD3 plasma levels for both groups agree with the classical stimulation of vitamin D metabolism by lack of P as described by Lee et al. (1981) and previously confirmed in pigs (Engstrom et al., 1985; Fox and Ross, 1985; Pointillart et al., 1985 Pointillart et al., , 1987 . A rye-vitamin D antagonism has been described in birds (Mac-Auliffe and Ginnis, 1976; ). This does not occur in the pigs fed the rye bran diet; the bone scores were better and the plasma 250HD3 concentrations were normal compared with those of the control group.
Implications
Rye bran improved the P availability by pigs fed phytate-rich diets. The enhancement of P absorption probably is related to the phytase activity of rye bran. This cereal byproduct might be useful in pig diets. Reduced inorganic P supplementation could save money because P is still one of the most expensive feed components in pig diets. 
